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New Physics!

❖ The baryon asymmetry of the Universe
❖ The cosmological evidence of Dark Matter
❖ The existence of neutrino masses
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Radiative perturbations to tribimaxinal mixings
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The Weinberg operator allows for the construction of radiative Majorana neutrino masses. In
this letter we will show that it is possible to construct a one-loop diagram that will be the principal
component to the neutrino mass matrix, and will have an exact mixing matrix with ✓13 = 0, the
addition of only one singlet scalar will allow for a two loop diagram that can be naturally suppressed
therefore allowing for the creation of the correct perturbations from a mixing matrix with ✓13 = 0,
to a mixing matrix with the correct experimental entries.

PACS numbers:

Introduction –
There are three observations that give evidence that

the Standard Model (SM) is incomplete: The baryon
asymmetry of the Universe, the cosmological evidence
of Dark Matter (DM), and the existence of neutrino
masses. While LHC is still trying to find evidence of new
physics, neutrino experiments have successfully collected
huge amounts of data, specifically 6 years ago many neu-
trino experimants as T2K [1], MINOS [2], etc. found
that the smallest of the neutrino mixing angles is in fact
non-zero.

The current neutrino global fit shows [4]

parameter best fit ± 1� 3� range

�m2
21 [10

�5]eV2 7.60+0.19
�0.18 7.11–8.18

|�m2
31| [10�3]eV2 (NH) 2.48+0.05

�0.07 2.30–2.65

|�m2
31| [10�3]eV2 (IH) 2.38+0.05

�0.06 2.20–2.54

sin2 ✓12/10
�1 3.23±0.16 2.78–3.75

sin2 ✓23/10
�1 (NH) 5.67+0.32

�1.28 3.92 – 6.43

sin2 ✓23/10
�1 (IH) 5.73+0.25

�0.43 4.03–6.40

sin2 ✓13/10
�2 (NH) 2.34±0.20 1.77–2.94

sin2 ✓13/10
�2 (IH) 2.40±0.19 1.83–2.97

TABLE I: Neutrino oscillation parameters summary.

Table I, shows that even at the 3� range ✓13, although
smaller than the other two mixing angles, it has a non
null value. This fact changed the way neutrino models
have to be studied, exact mixing matrices (EMM), such
as tribimaximal, bimaximal, democratic, etc. need to be
perturbed to accommodate experimental results.

The nature of neutrinos is still not known, since they
have no electric charge they could be di↵erent from
the SM fermions which are Dirac particles, theoretically
speaking neutrinos could be their own antiparticles and
therefore be Majorana Particles.

⇤
Electronic address: @gmail.com

The study of Majorana neutrinos can be done using
e↵ective theory, to write a Lagrangian first we use the SM
and then add higher order non-normalizable operators [?
],

L = LSM +
X

n>4

Ln (1)

It can be shown [3] that there is only one possibility for
n = 5, commonly referred in literature as the Weinberg
dim=5 operator,

L5 ⇠ c
↵�

⇤

⇣
Lc
↵

H̃⇤ H̃†L
�

⌘
, (2)

where H is the Higgs field, L the SM lepton field, ⇤ is
the energy scale, c is a constant.
In this letter we propose a method to perturb any

SBMM The idea is that the one loop contribution will
be the main contribution to the neutrino masses, while
the two loop contribution will be naturally suppressed,
giving an explanation why it can be considered the rea-
son for the deviations from SBMM. In this sense there are
3 possibilities, the first is that the one and two-loop do
not share any Yukawa interactions between each other,
in this case one does not only have multiple extra param-
eters given by the Yukawa interactions, but also the one
and two-loop might not be constructed with the same
fields,a dn therefore one also has extra parameters given
by the masses of these fields.
the second is that they share.... and the third, and

more appealing scenario is where the two loop contains
all the yukawa interactions the one loop has, plus only
one more yukawa term.
There are only 4 realizations for this operator at the

one loop level [5], and 20 ways to generate neutrino
masses with two loops [6], one of this 4 realizations is
the famous Ma-scotogenic loop, it requires in it’s min-
imal characterization the addition of only two fields to
the SM, the other 3 loops requires at least the addition
of 3 fields.
other ways are possible but can be seen at vertex or

propagatros corrections to a one loop.

arXiv:1405.7540 [hep-ph]



Neutrino mixing?

❖ Why are the values in the neutrino mixing 
matrix so close to exact values?

❖ Is it possible to start from an exact symmetry 
and make deviations?

❖ What is the explanation to these deviations?
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Neutrino mixing!

❖ An exact mixing matrix ( i.e tribimaximal, bimaximal, 
democratic, etc.) can be accomplished by using the 
Weinberg operator at one-loop level.

❖ With the addition of only one more particle to the 
model, one can generate a two-loop diagram that is 
naturally surpassed and explains the deviations.
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The study of Majorana neutrinos can be done using
e↵ective theory, to write a Lagrangian first we use the SM
and then add higher order non-normalizable operators [?
],

L = LSM +
X
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where H is the Higgs field, L the SM lepton field, ⇤ is
the energy scale, c is a constant.
In this letter we propose a method to perturb any

SBMM The idea is that the one loop contribution will
be the main contribution to the neutrino masses, while
the two loop contribution will be naturally suppressed,
giving an explanation why it can be considered the rea-
son for the deviations from SBMM. In this sense there are
3 possibilities, the first is that the one and two-loop do
not share any Yukawa interactions between each other,
in this case one does not only have multiple extra param-
eters given by the Yukawa interactions, but also the one
and two-loop might not be constructed with the same
fields,a dn therefore one also has extra parameters given
by the masses of these fields.
the second is that they share.... and the third, and

more appealing scenario is where the two loop contains
all the yukawa interactions the one loop has, plus only
one more yukawa term.
There are only 4 realizations for this operator at the

one loop level [5], and 20 ways to generate neutrino
masses with two loops [6], one of this 4 realizations is
the famous Ma-scotogenic loop, it requires in it’s min-
imal characterization the addition of only two fields to
the SM, the other 3 loops requires at least the addition
of 3 fields.
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One-loop Integral

The functions In and Jn used in Tables 2, 3, 4, and 5 are defined as:
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Note that the functions I2 and J3 imply divergent contributions, whereas the other functions corre-
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Two-Loops
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Two-loop Integral
Î{k2,q2,(q+k)2}
ab,↵� =

Z

d4k

Z

d4q
{k2, q2, (q + k)2}

(k2 � ra)(k2 � t↵)(q2 � rb)(q2 � t�)([q + k]2 � 1)
, (49)

for CLBZ and PTBM models, while

ÎRB

ab,↵� =

Z

d4k

Z

d4q
1

(k2 � ra)(k2 � rb)(k2 � t�)(q2 � t↵)([q + k]2 � 1)
, (50)

Î{k2,q2,(q+k)2}RB

ab,↵� =

Z

d4k

Z

d4q
{k2, q2, (q + k)2}

(k2 � ra)(k2 � rb)(k2 � t�)(q2 � t↵)([q + k]2 � 1)
, (51)

for RB models. Here {k2, q2, (q + k)2} stands for k2, q2 or (k + q)2, ra = (mFa/mX)2 and
t↵ = (mS↵/mX)2. The “strategy” then for calculating these integrals consists of reducing them
to “master integral” form:

I(s, t) = µ✏

Z

dnk

Z

dnq
1

(k2 � s)(q2 � t)[(k + q)2 � 1]
. (52)

This integral, which involves an infinite and a finite piece, has been calculated in [60] (see
below). Thus, with the aid of eqs. (43) and (45), the calculation of integral in (48) results
in [60]

⇡�4 Îab,↵� =
1

(t↵ � ra)(t� � rb)
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⇡�4 Î{(k+q)2}
ab,↵� =

⇢

bB0
0

(0, ra, t↵) bB
0
0

(0, rb, t�) +
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Calculation of the integrals in (50) and (51) gives, instead, the following results:
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�

, (55)
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in Table 1. The most appealing model needs five BSM fields to be drawn and presents a
DM candidate that is a mixture between 10S and 21S , referred as ⇤ in the table of results,
Table 3. The Lagrangian for this class is

L1.b = Y ia
1 (LC

i PL)F
C
5 a S4 + Y ab

2 F C
5 a F

C
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3 F C
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(2.3)

for which the neutrino mass matrix is given by

�
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(2.4)

with � ⌘ {F6, S17↵, S3, F5, S24�}.

A
i ii iii

↵ -2 4 -2 -2 -3
� -2 3 -1 -3 -4

DM ⇤ 2S ⇤ 2S 2S
# 6 7 5 6 7

21S/2
3
S 1/1 1/2 2/1 1/2 1/2

F++/S++ ⇥/X X/X ⇥/X X/X X/X

Table 3. The same as in Table 2 for Class 1.b of Figure 1.

Class 1.c There are four models generating neutrino masses via diagram 1.c: two of them
lead to scalar DM and the other two to fermion singlet DM candidates. The models in the
first and last column of Table 4 are similar in all respects other than the Z2 assignment.
The Lagrangian for this class is given by

L1.c = Y ia
1 (LC

i PL)F
C
5 a S4 + Y ab

2 F C
5 a F3b S

†
6 + Y bc

3 F3b F1c S
†
2 + Y cd

4 F1c F7dH

+ Y dj
5 F7d (PL Lj)S6 + µH S2 S

†
4 + h.c. ,

(2.5)

where

�
M1.c

⌫

�
ij
=

(Y ia
5 Y ab

3 Y bc
2 Y cj

1 + Y ic
1 Y cb

2 Y ba
3 Y aj

5 )

4(2⇡)8
sin(2✓17) sin(2✓24)

⇥
2X

↵,�=1

(�1)↵ (�1)�
⇣
2m17↵m3m5 I

1
� + (m17↵ � m3 � m5) I

k2

�

+(�m17↵ � m3 + m5) I
q2

� + (m17↵ + m3 + m5) I
(k+q)2
�

⌘
,

(2.6)

with � ⌘ {S6, S17↵, F3, F5, S24�}.
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Two-loop Integral
Î{k2,q2,(q+k)2}
ab,↵� =

Z

d4k

Z

d4q
{k2, q2, (q + k)2}

(k2 � ra)(k2 � t↵)(q2 � rb)(q2 � t�)([q + k]2 � 1)
, (49)

for CLBZ and PTBM models, while

ÎRB

ab,↵� =

Z

d4k

Z

d4q
1

(k2 � ra)(k2 � rb)(k2 � t�)(q2 � t↵)([q + k]2 � 1)
, (50)

Î{k2,q2,(q+k)2}RB

ab,↵� =

Z

d4k

Z

d4q
{k2, q2, (q + k)2}

(k2 � ra)(k2 � rb)(k2 � t�)(q2 � t↵)([q + k]2 � 1)
, (51)

for RB models. Here {k2, q2, (q + k)2} stands for k2, q2 or (k + q)2, ra = (mFa/mX)2 and
t↵ = (mS↵/mX)2. The “strategy” then for calculating these integrals consists of reducing them
to “master integral” form:

I(s, t) = µ✏

Z

dnk

Z

dnq
1

(k2 � s)(q2 � t)[(k + q)2 � 1]
. (52)

This integral, which involves an infinite and a finite piece, has been calculated in [60] (see
below). Thus, with the aid of eqs. (43) and (45), the calculation of integral in (48) results
in [60]

⇡�4 Îab,↵� =
1

(t↵ � ra)(t� � rb)
{�ĝ(t↵, t�) + ĝ(ra, t�) + ĝ(t↵, rb)� ĝ(ra, rb)} , (53)

while the result for integrals in (49) reads

⇡�4 Î(k2)
ab,↵� =

⇢

1

t� � rb
[�ĝ(ra, t�) + ĝ(ra, rb)]

+
t↵

(t↵ � ra)(t� � rb)
[�ĝ(t↵, t�) + ĝ(t↵, rb) + ĝ(ra, t�)� ĝ(ra, rb)]

�

, (54)

⇡�4 Î(q2)
ab,↵� =

⇢

1

t↵ � ra
[�ĝ(t↵, rb) + ĝ(ra, rb)]

+
t�

(t↵ � ra)(t� � rb)
[�ĝ(t↵, t�) + ĝ(t↵, rb) + ĝ(ra, t�)� ĝ(ra, rb)]

�

, (55)

⇡�4 Î{(k+q)2}
ab,↵� =

⇢

bB0
0

(0, ra, t↵) bB
0
0

(0, rb, t�) +
�ĝ(t↵, t�) + ĝ(t↵, rb) + ĝ(ra, t�)� ĝ(ra, rb)

(t↵ � ra)(t� � rb)

�

.

(56)

Calculation of the integrals in (50) and (51) gives, instead, the following results:

⇡4 ÎRB

ab,↵� =
1

t� � ra

⇢

1

t� � rb
[�ĝ(t�, t↵) + ĝ(rb, t↵)]� 1

rb � ra
[�ĝ(rb, t↵) + ĝ(ra, t↵)]

�

,

(57)

⇡4 Î(k2)RB

ab,↵� =
1

ra � t�
{�ĝ(ra, t↵) + ĝ(t�, t↵)

+
rb

ra � rb
[�ĝ(ra, t↵) + ĝ(rb, t↵)]� rb

t� � rb
[�ĝ(t�, t↵) + ĝ(rb, t↵)]

�

, (58)

33

in Table 1. The most appealing model needs five BSM fields to be drawn and presents a
DM candidate that is a mixture between 10S and 21S , referred as ⇤ in the table of results,
Table 3. The Lagrangian for this class is

L1.b = Y ia
1 (LC

i PL)F
C
5 a S4 + Y ab

2 F C
5 a F

C
6 b S3 + Y bj

3 F C
6 b (PL Lj)S

†
7 + µ1H S†

1 S7

+ µ2 S1 S
†
2 S

†
3 + µ3H S2 S

†
4 + h.c. ,

(2.3)

for which the neutrino mass matrix is given by

�
M1.b

⌫

�
ij
=

µ2 (Y ia
3 Y ab

2 Y bj
1 + Y ib

1 Y ba
2 Y aj

3 )

4(2⇡)8
sin(2✓17) sin(2✓24)

⇥
2X

↵,�=1

(�1)↵(�1)�
⇣
2m5m6 I

1
� + Ik

2

� + Iq
2

� � I(k+q)2
�

⌘
,

(2.4)

with � ⌘ {F6, S17↵, S3, F5, S24�}.

A
i ii iii

↵ -2 4 -2 -2 -3
� -2 3 -1 -3 -4

DM ⇤ 2S ⇤ 2S 2S
# 6 7 5 6 7

21S/2
3
S 1/1 1/2 2/1 1/2 1/2

F++/S++ ⇥/X X/X ⇥/X X/X X/X

Table 3. The same as in Table 2 for Class 1.b of Figure 1.

Class 1.c There are four models generating neutrino masses via diagram 1.c: two of them
lead to scalar DM and the other two to fermion singlet DM candidates. The models in the
first and last column of Table 4 are similar in all respects other than the Z2 assignment.
The Lagrangian for this class is given by

L1.c = Y ia
1 (LC

i PL)F
C
5 a S4 + Y ab

2 F C
5 a F3b S

†
6 + Y bc

3 F3b F1c S
†
2 + Y cd

4 F1c F7dH

+ Y dj
5 F7d (PL Lj)S6 + µH S2 S

†
4 + h.c. ,

(2.5)

where

�
M1.c

⌫

�
ij
=

(Y ia
5 Y ab

3 Y bc
2 Y cj

1 + Y ic
1 Y cb

2 Y ba
3 Y aj

5 )

4(2⇡)8
sin(2✓17) sin(2✓24)

⇥
2X

↵,�=1

(�1)↵ (�1)�
⇣
2m17↵m3m5 I

1
� + (m17↵ � m3 � m5) I

k2

�

+(�m17↵ � m3 + m5) I
q2

� + (m17↵ + m3 + m5) I
(k+q)2
�

⌘
,

(2.6)

with � ⌘ {S6, S17↵, F3, F5, S24�}.
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and the neutrino mass matrix is given by

�
M1.e

⌫

�
ij
=

(Y ia
1 Y ab

3 Y bc
4 Y cj

6 + Y ic
6 Y cb

4 Y ba
3 Y aj

1 )

4(2⇡)8
sin(2✓17) sin(2✓45)

⇥
2X

↵,�=1

(�1)↵ (�1)�
⇣
2m45↵m3m17� I

1
� +

�
m45↵ � m3 � m17�

�
Ik

2

�

+
��m45↵ � m3 + m17�

�
Iq

2

� +
�
m45↵ + m3 + m17�

�
I(k+q)2
�

⌘
,

(2.10)

where � ⌘ {S2, F45↵, F3, S6, F17�}.

A
i iv

↵ 2 4 3
� 2 4 3

DM 1F 1F 1F
# 5 7 6

21S/2
3
S ⇥/⇥ ⇥/⇥ ⇥/2

F++/S++ ⇥/⇥ X/⇥ X/X

Table 6. The same as in Table 2 for Class 1.e of Figure 1.

Class 1.f In this class one has nine models with both fermionic and scalar DM candidates.
In the best case scenario, we need to have five BSM fields to complete the two-loop diagram.
The solutions are presented in Table 7. The generic Lagrangian of this class is

L1.f = Y ia
1 (LC

i PL)F2a S
†
4 + Y ab

2 F2a F
C
3 b S1 + Y bc

3 F C
3 b F

C
6 c S5 + Y cj

4 F C
6 c (PL Lj)S

†
7

+ µ1H S4 S
†
5 + µ2H S†

1 S7 + h.c. .
(2.11)

The neutrino mass matrix is given by

�
M1.f

⌫

�
ij
=

(Y ia
1 Y ab

2 Y bc
3 Y cj

4 + Y ic
4 Y cb

3 Y ba
2 Y aj

1 )

4(2⇡)8
sin(2✓17) sin(2✓45)

⇥
2X

↵,�=1

(�1)↵ (�1)�
⇣
2m2m3m6 I

1
� + (m2 � m3 � m6) I

k2

�

+(�m2 �m3 +m6) I
q2

� + (m2 + m3 + m6) I
(k+q)2
�

⌘
,

(2.12)

with � ⌘ {F2, S45↵, F3, F6, S17�}.
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Two Loop solved integralBelow we repeat the solution for Îij,↵� in the convention of [91]. This solution rewrites eq.
(52) into a less divergent expression using eq. (44). Introducing dimensionless arguments as
before, one finds

Îij,↵� =
⇡4

(t↵ � ri)(t� � rj)

n

ri[f(t�/ri, 1/ri)� f(rj/ri, 1/ri)] (67)

+ rj[f(t↵/rj, 1/rj)� f(ri/rj, 1/rj)]

+ t↵[f(rj/t↵, 1/t↵)� f(t�/t↵, 1/t↵)]

+ t�[f(ri/t�, 1/t�)� f(t↵/t�, 1/t�)]

+ [f(t↵, rj)� f(ri, rj)� f(t↵, t�) + f(ri, t�)]
o

.

Here,

f(a, b) = �1

2
ln a ln b� 1

2

⇣a+ b� 1



⌘n

Li
2

(
�x

2

y
1

) + Li
2

(
�y

2

x
1

)� Li
2

(
�x

1

y
2

)� Li
2

(
�y

1

x
2

) (68)

+ Li
2

(
b� a

x
2

) + Li
2

(
a� b

y
2

)� Li
2

(
b� a

x
1

)� Li
2

(
a� b

y
1

)
o

,

with

x
1,2 =

1

2
(1 + b� a± ) , (69)

y
1,2 =

1

2
(1 + a� b± ) ,

and
 =

p

1� 2(a+ b) + (a� b)2 . (70)

Eq. (67) is more complicated than eq. (53), but leads to exactly the same numerical result.
We have found it therefore a useful cross-check for our calculation.
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Below we repeat the solution for Îij,↵� in the convention of [91]. This solution rewrites eq.
(52) into a less divergent expression using eq. (44). Introducing dimensionless arguments as
before, one finds
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+ t↵[f(rj/t↵, 1/t↵)� f(t�/t↵, 1/t↵)]

+ t�[f(ri/t�, 1/t�)� f(t↵/t�, 1/t�)]

+ [f(t↵, rj)� f(ri, rj)� f(t↵, t�) + f(ri, t�)]
o

.

Here,

f(a, b) = �1

2
ln a ln b� 1

2

⇣a+ b� 1



⌘n
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2

(
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2

y
1
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2

(
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2

x
1

)� Li
2

(
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1
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2

)� Li
2

(
�y

1
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2

) (68)

+ Li
2

(
b� a

x
2

) + Li
2

(
a� b

y
2

)� Li
2

(
b� a

x
1

)� Li
2

(
a� b

y
1

)
o

,

with

x
1,2 =

1

2
(1 + b� a± ) , (69)

y
1,2 =

1

2
(1 + a� b± ) ,

and
 =

p

1� 2(a+ b) + (a� b)2 . (70)

Eq. (67) is more complicated than eq. (53), but leads to exactly the same numerical result.
We have found it therefore a useful cross-check for our calculation.
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for these scenarios is possible to create a two loop mass
by the addition of only one more field, while keep un-
change the already existent Yukawa terms

in its mass eigenstate all 4 one loop diagrams get re-
duce to the same one, while the two loop diagrams get
reduce to two types, the ones where there are two internal
fermions and the one where there are three.

This means that all one-loop diagrams will have a mass
that is proportional /simY1Y2 times the loop integral,
where is minimal cases Y1 = Y2, since the loop integral
is a diagonal matrix, the sturcture of the mixing matrix
is given by the yukawas, while the magintud of the mass
is given by the loop integral ( and aslo the magnitud of
the yukawas), while in the two loop case the neutrino
mass matrix is propartinal to 3 or 4 yukawas times the
two-loop function.

In this paper we will show a minimal model where the
one-loop masses is ⇠ Y Y T and the two loop is ⇠ Y XY T ,
with Y being the same for both cases, we will see that
while the on-loop cotribution reproduces a mass matrix
with a Tribimaximal mising, the two loop contribution is
naturally supresed by the two-loop funtion, giving a clear
conection between the Yukawa X and the perturbation
of TBM.

FIG. 1: (Diagrams)

Method –
a Z2 symmetry needs to be included to avoid FCNC,

the doublet scalar of the model ( if it has same quantum
numebers as Higgs), needs to be odd under this symme-
try. This set the Z2 of all other fields in the model. The
adition of this symmertry also avpids the existence of tree
level contributions to the neutrino mass, both Majorana
and Dirac terms. Also the Z2 symmetry could as a con-
sequence give a stable neutral partcile that can be a DM
candidate.

To generate the two loop mass is necessary to add a
new Yukawa term to the Lagrangian L2 = (Y2)ijS2F̄iFj ,
with (Y2)ij a symmetric 3 ⇥ 3 matrix. Also a new term
to the scalar potential V2 = µ2S1S1S2

M = m1 +m2, where UT
PMNSMUPMNS = Mdiag and

UT
0 m1U0 = mdiag

Results –

To show the method an exampe will be used, in fig.. it
can be seen the two contributions to m1 and the unique
contribution to m2, it can be seen that for m1, all that
is needed is a 2HDM model with the adition of 3 sin-
glet fermions and one singlet scalar, and to contruct the
two loop the addition of an extra scalar singlet will be
required.

The beauty of this method is that once one has a model
that will create tribimaximal mixing, all that is necessary
to create the perturbation that will recreate all mixing
angles is the addition of one scalar. In the case of out
example this scalar will be a Singlet with hypercharge
”Y=0”, which is also uncharged under Z2

Using Casas-Ibarra parametrization [8], Y =
U0(m⌫)�

1
2RT (⇤)

1
2 , m⌫ is a diagonal matrix with 3 eigen-

values that correspond to the one loop contributions (i.e.
the neutrino masses in the approximate state where the
mixing matrix is U0), ⇤ is a diagonal matrix with its en-
tries being the loop functions. R is an arbitrary 3 ⇥ 3
orthogonal matrix.

With U0 = UTBMand R = I

Y =

8
>>>>>>>>>:

q
2
3K1

1p
3
K2 0

� 1p
6
K1

1p
3
K2 � 1p

2
K3

� 1p
6
K1

1p
3
K2

1p
2
K3

9
>>>>>>>>>;

. (3)

The choice for R = I is not unique, but is the one that
reduce the parameters to its minimal with 3 parameters
Ki, of course if one wishes to find a specific model other
choices should be considered.

S2 S2

FiY Y

�5H H

L L Fi

S2 S2

S1

Y Y

� �

L L

H H

FIG. 2: (One-loop contributions to neutrino mass)

S2 S2

S1 S1

S3

Fi FiY Y

� ��2

X
L L

H H

FIG. 3: (Two-loop contributions to neutrino mass)
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TBM mass
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for which the neutrino mass matrix is given by
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Example 1

Y1 Y3 X
L=  Y2 L F1 S 

L=  Y3 F2 F1 S 

M𝜈∼Y1.Y2T  +Y1.Y2T

M𝜈∼Y1.Y3 .XT +X.Y3T.Y1T
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Examples that work



Real Example

Y1 Y2

M𝜈1∼Y1.Λ.Y2T  +Y1.Λ.Y2T



Real Example

Y1 Y2X
M𝜈1∼Y1.Λ.Y2T  +Y1.Λ.Y2T

M𝜈2∼Y1.Λ1.X.Λ2.Y2T  +Y2.Λ2.XT.Λ1.Y1T



∼The model
❖ SM ( H, L)

❖ One scalar doublet ( S_2), Y=1 

❖ One scalar singlet (S_1), Y=0

❖ Three heavy Fermions (F_i), Y=0

❖ Z2  Symmetry

❖ Y1 = Y2 
❖ Tribimaximal



∼The model
❖ SM ( H, L)

❖ One scalar doublet ( S_2), Y=1 

❖ One scalar singlet (S_1), Y=0

❖ Three heavy Fermions (F_i), Y=0

❖ Z2  Symmetry

❖ Y1 = Y2 

❖ One scalar singlet (S_3), Y=0

❖ Tribimaximal



Z2 symmetry 

❖ Avoid FCNC ( Scalar doublet needs to have 
different   Z2 than the Higgs, or terms in the 
potential (i.e V= H†HH†S2 or V= S2†S2S2†H) are 
possible)



Z2 symmetry 

❖ Avoid FCNC ( Scalar doublet needs to have 
different   Z2 than the Higgs, or terms in the 
potential (i.e V= H†HH†S2 or V= S2†S2S2†H) are 
possible)

❖ Forbid Dirac masses (i.e. Seesaw)
❖ DM candidate
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Some math
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